Background: We estimated the burden of influenza-related acute respiratory tract infection (ARI) among under-fives in India through meta-analysis. Methodology: We estimated pooled incidence and proportional positivity of laboratory-diagnosed influenza among under-fives using data from observational studies published from 1 January 1961 to 31 December 2016. Death due to influenza was estimated using a multiplier model. Results: Influenza-associated ARI incidence was estimated as 132 per 1000 child-years (115-149). The patients positive for influenza among ARI in outpatients and inpatients were estimated to be 11.2% (8.8-13.6) and 7.1% (5.5-8.8), respectively. We estimated total influenza cases during 2016 as 16 009 207 (13 942 916-18 082 769) in India. Influenza accounted for 10 913 476 (9 504 666-12 362 310) outpatient visits and 109 431 (83 882-134 980) hospitalizations. A total of 27 825 (21 382-34 408) influenza-associated under-five deaths were estimated in India in 2016. Conclusion: Influenza imposes a substantial burden among under-fives in India. Public health approach for its prevention and control needs to be explored.
groups in 2008 [10] . Influenza contributes to 1-25% of outpatient acute respiratory tract infection (ARI) visits among all age groups and 0.6-15.6% of Acute respiratory infections (ARI)-associated hospitalization among under-fives [11] .
In India, few studies reported influenza burden in community [12] [13] [14] and most of the data exist in the form of hospital-based studies [15] [16] [17] [18] [19] [20] [21] [22] [23] . Previous reviews undertaken to identify burden of influenza indicated gaps in research [11, [24] [25] [26] [27] [28] . Limited regional data and their considerable heterogeneity make any estimates for India questionable. We attempted a meta-analysis in the context of Indian scenario with available literature to measure the burden of seasonal influenza in community, outpatient and inpatient settings.
M E T H O D O L O G Y
Search strategy and selection criteria Systematic literature review was done with the following key words: influenza, seasonal influenza, children, outpatient, surveillance, community, hospital visit, inpatient, India, southeast Asia. Limits used are 'infant, new-born, child, preschool'. Reference lists of included articles were also checked for eligible articles. Search was restricted to English language articles in PubMed, IndMed, Google Scholar and World Health Organisation (WHO) database. National influenza experts were contacted to identify more studies. All articles available from 1 January 1961 to 31 December 2016 were reviewed.
Inclusion criteria
Community cohorts, control arm of randomized controlled trial and cross-sectional studies set in hospitals were considered. Any of these studies that reported laboratory-diagnosed seasonal influenza among under-five, segregated by settings were included in the review.
All studies were organized according to geographical regions. A minimum of 10 studies were considered essential to have a robust estimate for each of the three settings, namely, community, outpatient and inpatient. The studies set in India were screened first and if the required number of articles (10) were not found, search extended to next geographical areas in the following order: South-Asia, other Asian countries, non-Asian developing countries and then non-Asian developed countries. All the eligible studies of an included area were considered even if the total number of studies exceeded 10.
Statistical Analysis
Eligible studies were appraised using STrengthening the Reporting of OBservational (STROBE) check list [29] for observational studies. Extracted qualitative and quantitative data (Panel 1) were compiled using a spread sheet. The outcomes are listed in Panel 1.
The burden of influenza was estimated for each setting. Pooled estimates and 95% confidence intervals of the key indicators were calculated in Stata 13.1 (Stata Corp). Owing to wide variation in methodology, random effects models were used for all three analyses.
Subgroup analysis was done across age groups [(i) 0-2 years, (ii) 0-3 years and (iii) 0-5 years], case definitions and diagnostic techniques.
Estimates for India

Morbidity burden
The annual influenza morbidity among under-fives in India was estimated by extrapolating the findings of meta-analysis on Indian population. Following assumptions were made: (i) same health care seeking of influenza and ARI, (ii) the first contact of seeking care was an outpatient setting.
We took the census population of 2011 [30] and built up the population for 2016 using annual natural growth rate of population from yearly Sample Registration System data [31] [32] [33] [34] [35] . The proportion of under-fives in census population is applied on population of 2016 to find the total under-fives. The incidence rate of influenza was applied on under-five population to estimate total influenza cases. Applying the health care seeking rate of ARI (National Family Health Survey (NFHS-3)) [36] , annual outpatient visits due to influenza was calculated. Hospitalization rate of respiratory disease among under-fives [37] was used to estimate the annual respiratory-disease-related hospitalization. Annual influenza hospitalization was obtained by multiplying the total hospitalization with proportional influenza positivity among inpatient.
Mortality burden
We used multiplier model to estimate influenzaassociated mortality among under-fives in India. The total number of deaths due to influenza in underfives ¼ number of live births (L) Â under-five pneumonia mortality rate (M) Â proportional influenza positivity among hospitalized children (P).
Total number of annual live births (L) for India was estimated from data on total population and birth rate [30, 35] for the year 2016. Mortality rate (M) due to pneumonia among Indian children aged 1 month to <5 years was extracted from nationally representative study on causes of death [38] . Product of L and M gives the total number of underfive deaths due to pneumonia. Proportional positivity of influenza (P) among inpatient admitted with pneumonia or other respiratory tract infection estimated by the meta-analysis was used as proxy for the proportion of death due to influenza among all under-five pneumonia deaths. This assumes that case fatality rate among influenza-associated respiratory infection is same as that of other etiologies.
Uncertainty analysis was done to generate the upper and lower bounds of number of deaths due to influenza by considering all possible values of the rates within their confidence interval of the point estimates (birth rate, mortality rate, positivity rate) by using a simulation model in Stata 13.1. In all, 10 000 random sets of values for each of the parameters were generated. The 2.5th and the 97.5th percentile were taken to show the range of total influenza deaths. Based on the equation (L* M* P), 10 000 estimates for total number of deaths in under-five were generated.
R E S U L T S
In all, 3121 articles were obtained using the search terms. Excluding non-relevant articles using screening criteria detailed in Fig. 1 , a total of 40 studies were finalized and included both in the systematic review and meta-analysis (Supplementary Tables S1-S4) .
Data for community component were extracted from 10 studies [12, [39] [40] [41] [42] [43] [44] [45] [46] [47] (Figs 2 and 3,  Supplementary Tables S1 and S2 ). Among these, only six studies used the definition of ARI/Influenza Like Illness (ILI). We grouped studies reporting ARI/ILI and Acute Lower Respiratory Infection (ALRI) separately. The pooled incidence of P a n e l 1 : D a t a e x t r a c t i o n p o i n t s a n d o u t c o m e i n d i c a t o r s
Data extraction points
(1) country, (2) author, (3) study period, (4) publication year, (5) study setting: Out Patient Department (OPD), In Patient Department (IPD), Community, (6) sample size, (7) sampling methods, (8) case definitions, (9) inclusion and exclusion criteria, (10) details of data collection, (11) duration or seasonality of the study, (12) specimen collected for influenza testing, (13) diagnostic procedure for definition of influenza, (14) statistical analysis, (15) number of under-five subjects in three settings, inpatient or outpatient or community, (16) number of children in under-five found positive for seasonal influenza by setting.
Outcome indicators in different settings
1. Community settings Outcome: Incidence of influenza: estimated as cases/1000 child years 2. Outpatient setting:
Outcome: Influenza positivity among those seeking OPD care for respiratory symptoms: estimated as influenza positive cases/100 eligible OPD attendee 3. Inpatient settings:
Outcome: Influenza positivity among those hospitalized for respiratory symptoms: estimated as influenza positive cases/100 eligible IPD attendee influenza varied with case definition and age stratification (Table 1) . Eleven studies [21, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] (Fig. 4 , Supplement ary Table S3 ) contributed to the estimation of influenza positivity among patients attending outpatient department with respiratory symptoms.
The pooled estimate of influenza positivity among outpatient attendees varied with age and case definitions (Table 1) .
Twenty-five studies [48, 50, 51, 54, 56, [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] (Fig. 5, Supplementary Table S4 ) contributed to influenza positivity among hospitalized children. Data from 68% of these studies were available for under-fives, whereas others reported hospitalization in younger age groups. Summary estimates of proportional positivity varied by age, region and case definitions ( Table 1,  Table 2 ). Heterogeneity of pooled estimate of influenza positivity varied with age, geographical region, case Panel 2: Estimation of annual influenza burden among under-fives in India.
• Morbidity burden of influenza definition and influenza diagnosis technique of the studies (Table 2) Estimates for India Estimates of influenza burden in India is summarized in Panel 2 and Fig. 6 .
From the uncertainty analysis performed by the simulation, the mean death estimated as 28 124 (95% CI: 28 050-28 199). The median estimate was 28 061 and the 2.5th and 97.5th percentile level were 21 921 and 34 533, respectively. This would be equivalent to 1 death per 1000 live births per year or 2.1 per 100 000 of total population.
D I S C U S S I O N
This review highlighted the dearth of literature on influenza from India and Indian subcontinent and wide methodological differences in estimation of the influenza burden. There was a sudden rise of influenza reports in 2009-2010 but these were mostly of pandemic influenza. Articles containing only p (Hemagglutinin Type 1 and Neuraminidase Type 1 (H1N1)) were excluded until WHO announced it as an endemic strain.
Community-clinic based or passive surveillance studies that reported the total population of the catchment area were included in community setting of meta-analyses owing to lack of reports of active community-based influenza surveillance. The issue of completeness of coverage and representativeness would be an important concern for these studies.
The proportional positivity of influenza among under-fives found by the present study was comparable with previous reviews and meta-analysis done by Simmerman et al. [24] , Nair et al. [10] , Rudan et al. [28] and Global Respiratory Hospitalizations-Influenza Proportion Positive study group [78] . A systematic review from subSaharan Africa by Gessner et al. [11] reported wide range of positivity among inpatients, whereas Luksik et al. [26] reported much lower positivity. In India, diagnostic tests for influenza are not done routinely. Consequently, influenza could not be ascertained as a cause of death. We used influenza positivity among severely ill children, admitted to a hospital as proxy for positivity among dead children. Homaira et al. [79] used a similar multiplier method to estimate influenza deaths.
Nair et al. [10] estimated the mean influenzaassociated ALRI deaths in under-five by combining the verbal autopsy and influenza circulation data of Ballabgarh, India. The mean annual death for 2006-08 was close to the estimate of present study (25 556 vs. 28 124). However, they estimated a much smaller number of deaths (5998) using an alternative approach. Comparable data achieved by different methodologies support the robustness of the assumptions.
The total estimated influenza-related deaths expressed as a proportion of influenza-related hospitalization gives a case fatality rate of 18.9%, which was much higher than that reported in literature (4-12%) [80] [81] [82] . The estimate was probably higher, as the present study considered all deaths related to influenza irrespective of the hospitalization status of the child. Nair et al. [27] reported that 81% of severe ALRI deaths occurred outside hospitals.
This review and meta-analysis compiled the estimates of published literature of influenza burden for the past three decades in the lower and lower-middle income countries of South Asia in all the settings and the pooled estimate represents the overall prevailing burden of influenza throughout this period. As data on temporal trends are not available, it is difficult to say how the inclusion of old studies would affect our estimate. A high level of heterogeneity among studies was found in all settings. This heterogeneity was perhaps owing to variations in case definitions (supplementary file), duration of data collection, qualification of data collectors and influenza diagnostics. Previous authors [25, 28] also experienced similar issues. However, subgroup analysis showed reduction of heterogeneity. Therefore, the estimate derived from this meta-analysis should be used with caution. However, the effort to restrict the studies as much as possible closer to Indian situation makes it more relevant to India.
In case of mortality too, despite the limitations of the validity of the assumptions used, our estimates appear reasonable and are supported by results of previous estimation procedures.
Evidence of burden of any disease plays a crucial role in introducing the vaccine in NIS. Published studies reporting burden of Haemophilus influenzae type B, Streptococcus pneumoniae and Rotavirus infection influenced the decision of Indian Government to include the related vaccines in NIS [83] [84] [85] [86] [87] [88] [89] .
This study would add to the burden estimates of influenza in India and could help the policy makers to take decision on influenza vaccine. The methodology of obtaining influenza burden could be used for other diseases too for resource constraint settings. However, to obtain a robust estimate, countryspecific multisite studies are required.
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